Lipopolysaccharide (LPS) induces high levels of gamma interferon (IFN-,y) in the circulation of mice pretreated with heat-killed Propionibacterium acnes. The following results were obtained in the present study. anti-asialo GM1 antiserum plus complement eliminated the production of IFN-y and the NK-like activity simultaneously, whereas treatment with monoclonal anti-Lyt-2 antibody plus complement did not. These results suggest that IL-2 and some unidentified factor released from plastic-adherent cells by LPS stimulation cooperatively induce IFN-y production in activated, Thy-i-and asialo GM1-positive NK-like cells appearing in inflammatory reactions and that prostaglandin E2 regulates IFN-y production in these cells.
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It is well known that gamma interferon (IFN--y) plays important roles in immune responses by modulating the expression of Ia antigen (2, 16, 27) or cell surface receptors (8, 33) , by promoting the maturation of antibody-secreting cells (17, 25) , or by activating macrophages (1) . However, the mechanism of IFN-y production in relation to its roles has not yet been fully elucidated. No definite conclusion has yet been reached as to how antigens or mitogenes can stimulate the ultimate producer cells or regarding the detailed characteristics of the cells participating in its induction. The difficulty involved in analyzing these details may be ascribed to the complexity of the cells involved and to the long lag period required for the release of IFN--y into the culture.
Recently, interleukin-2 (IL-2), instead of antigens or mitogens, has been shown to induce IFN--y in both murine and human natural killer (NK) cells (9, 15, 18, 32) . This is significant because it suggests that IFN--y is finally induced by endogenous substances produced under physiological conditions. However, the question of how macrophages are involved in the induction by IL-2 is still unanswered. Kawase et al. (15) claimed the existence of a macrophagederived secondary factor which stimulates IFN--y production. The identification of such factors would contribute to the elucidation of the induction mechanism of IFN--y.
On the other hand, a large amount of literature has been written about the effects of bacterial preparations on the capacity of animals to produce IFN. Mycobacterium bovis BCG alters the responsiveness of mice to lipopolysaccharide * Corresponding author.
(LPS) with enhanced production of circulating IFN (37) . Propionibacterium acnes (5, 30) and Listeria monocytogenes (10, 19) have also been reported to have similar effects, especially on the enhancement of local IFN production by P. acnes. Such experiments with bacterial organisms may yield useful information concerning the induction mechanism of IFN--y. We have also found that mice pretreated with P. acnes or BCG are capable of secreting high levels of IFN--y into the blood when challenged with various T-cell mitogens or LPS (21, 34 Cells enriched for macrophages were prepared by treating the PEC (107/ml) with appropriately diluted anti-Thy-1 antibody plus complement and by removing the nonadherent cells after incubating on plastic microtest plates (5 x 106 cells per ml). These cells were used for the experiments involving reconstitution of the systems for IFN--y production.
Preparation of LPS-stimulated culture supernatant from plastic-adherent cells. P. acnes-induced PEC suspended in indomethacin-containing medium (10 p.g/ml) were transferred to plastic dishes (5 x 106 cells per ml), and after incubating at 37°C for 1 h, nonadherent cells were vigorously removed. LPS was added to the culture (10 ,ug/ml), and after another incubation for 4 h, the culture supernatant was harvested and used for the induction experiments with or without IL-2. The culture supernatant usually contained a small amount of IFN, which was completely neutralized by anti-IFN-ao/ antiserum.
Assay of NK-like activity. YAC-1 cells maintained in RPMI 1640 medium were used for the assay of NK-like activity. Cells were adjusted to 5 x 106/ml, and a 0.1-ml sample of the suspension was added to 0.1 ml of Na251Cr2O (1 mCi/ml; New England Nuclear Corp., Boston, Mass.). The mixture was incubated for 1 h at 37°C in a humidified atmosphere of 5% CO2. The 51Cr-labeled YAC-1 cells were washed three times, resuspended, and overlaid (104 cells in 0.1 ml of RPMI 1640 medium) on the PEC in round-bottomed 96-well microplates at an effector/target cell number ratio of 50:1. The plates were centrifuged at 300 x g for 5 min, and after a 4-h incubation at 37°C, 0.1 ml of the supernatant from each well was harvested for assay of radioactivity in an automatic gamma scintillation spectrophotometer (Packard 5320). Cytotoxicity was calculated and expressed as percent lysis according to the method described by Brunner et al. (4) . The maximum release was obtained by exposing the labeled cells to 0.1 ml of 10% H2SO4, and the spontaneous release was counted from the supernatant of the target cells alone.
The characteristics of the cells cytotoxic to YAC-1 cells were estimated in parallel with the estimation of cells participating in IFN-y production, using the vigorously treated PEC.
RESULTS
Induction kinetics. The induction kinetics of IFN-y production by LPS, rIL-2, and ConA are shown in Fig. 1 . The release of IFN-y into the culture fluid began approximately 4 h after the addition of inducers and reached maximum levels after about 7 h. The time needed for maximum induction was much shorter than that usually observed in conventional inductions in spleen cells with ConA, which takes a few days (29) . Peritoneal cells from control mice did not produce significant levels of IFN-y upon exposure to LPS or rIL-2. The ability of PEC to produce IFN--y in response to these inducers was maximal about 5 days after P. acnes treatment, when hepatosplenomegaly became notable. The effective doses of LPS and rIL-2 could be lowered to as little as 0.1 ,ug/ml and 1 U/ml, respectively. Characterization of IFNs produced in PEC by LPS stimulation. The IFNs produced by PEC in response to LPS were carefully characterized in the same mnanner as that reported previously (21) . The results indicated that the early appearing IFN released at low levels around 2 h after induction was al/ type, while the IFN appearing at about 7 h was -y type (Table 1) . These findings were similar to those of in vivo experiments in the respect that IFN-a/, appeared first in the circulation of P. acnes-treated mice and then IFN--y appeared after challenge with LPS (21) . Because IFN activities were completely neutralized by a combination of anti-IFNa/,B and anti-IFN--y antisera, the residual IFN activity after neutralization with anti-IFN-a/p antiserum could be regarded as y type. Thus, titers of IFN-y were usually expressed by the values obtained after neutralizing the samples with anti-IFN-alI antiserum.
Induction of IFN-y by LPS in cells from various sources. Cells were prepared from various tissues and compared with regard to their capacity to produce IFN--y. P. aches-induced PEC were the most competent in production of IFN-^y (Table   TABLE 1 anti-IFN-y a PEC prepared from three P. acnes-treated ICR mice were used. After the addition of LPS (10 ,ug/ml) It was notable that a synergistic effect on IFN--y production was observed when LPS was added to the culture of PEC together with rIL-2. The IFN--y titers induced by the combination were usually four times higher than those individually induced.
Effect of indomethacin on IFN--y production. Because it has been reported that arachidonic acid metabolites regulated IFN-y production either positively (12) or negatively (35) , the effect of indomethacin was examined in the present experimental system (Table 3 ). The administration of indomethacin (10 pLg per mouse i.p.) to P. acnes-treated mice 1 h before cell preparation and further addition of the agent (10 ,ug/ml) to the culture resulted in an enhancement of IFN--y production when induced by either LPS or rIL-2. However, the drug did not have such a pronounced effect on the induction by ConA. In vivo administration alone or in vitro addition alone was also effective, but the combined use was a little more efficient. The enhanced IFN--y induction by indomethacin was also observed in spleen cells when stimulated by rIL-2. Yet the itiduction by LPS in spleen cells was negligible even in the presence of indomethacin.
Effect of PGE2 on IFN-,y production. To confirm that the effect of indomethacin was due to the inhibition of prostaglandin synthesis, we added PGE2 to the culture (10 ,ug/ml) to see whether it would reverse the effect of indomethacin.
The addition of PGE2 reversed the effect of indomethacin, and it also suppressed the induction by LPS or by rIL-2 in the absence of indomethacin (Table 4) . However, the induction by ConA was only slightly influenced by PGE2.
Effect of deprivation of plastic-adherent cells on IFN-'y induction by LPS. Since it is widely accepted that macrophages are involved in IFN-y production, the effect of removal of plastic-adherent and nylon wool-adherent cells was examined ( Induction of IFN-'y by the cooperation of IL-2 and the LPS-stimulated culture supernatant of plastic-adherent cels. For the purpose of clarifying the way plastic-adherent cells are involved in IFN-y production, we examined the culture supernatant of plastic-adherent cells incubated with LPS for its ability to induce IFN--y in nylon wool-nonadherent cells. rIL-2 alone or the LPS-stimulated culture supernatant alone did not induce IFN--y in nylon wool-nonadherent cells (Table   6 ). However, these cells produced IFN--y as a result of combined stimulation by them. The LPS-stimulated culture supernatant was still effective when it was diluted by 32 times. The control culture supernatant of the plasticadherent cells incubated with PBS instead of LPS did not exhibit the inducibility even in the presence of rIL-2. Phorbol myristic acetate, which has been reported to enhance IFN--y production in spleen cells (11) , or human rIL-1 was unable to replace the active LPS-stimulated culture supernatant. LPS itself together with rIL-2 induced a trace amount of IFN--y in nylon wool-nonadherent cells, but the amount was not significant compared with that produced by the culture supernatant. Thus, the existence of a secondary factor cooperating with IL-2 in IFN--y induction was strongly suggested.
Estimation of cells participating in IFN-,y production in P. acnes-induced PEC. To analyze the IFN-y induction by LPS and IL-2 in P. acnes-induced PEC, we did another experiment for estimating the number of cells producing IFN-y. The NK-like activity of resident peritoneal cells, as well as the capacity to produce IFN--y in these cells, was almost negligible. However, the capacity to produce IFN--y in the PEC increased in the same way as the cytotoxicity of the PEC to YAC-1 cells after the injection of P. acnes (Fig. 2) , that is, both the IFN.-y producibility and the NK-like activity proceeded correspondingly. Furthermore, an elimination experiment was also undertaken. Table 7 shows one of the typical results of experiments on the effect of treatment of the PEC with specific antibodies followed by complement- 
DISCUSSION
In our previous reports (21, 34) , we demonstrated that mice treated with P. acnes or BCG readily released IFN--y as well as IFN-o/d into the circulation upon challenge with LPS. In addition, this induction by LPS was suggested to be dependent on macrophages and on Thy-i-or asialo GM1-bearing cells. In the present study, we provided evidence from in vitro experiments that LPS can stimulate the production of IFN--y as well as IFN-ao/p in PEC from such mice ( Fig. 1; Table 2 ). The enhanced production of IFN-y in these cells was also observed when other inducers, IL-2 or ConA, were used. The induction of IFN-y production by LPS was not observed in resident peritoneal cells, and the lag period for the induction was as short as 4 h (Fig. 1) , and much shorter than that for primary induction with spleen cells and lectin (usually more than 24 h). These findings suggest that IFN--y-producing cells in P. acnes-induced PEC have gone through several processes required for IFN--y production.
Recently, while this manuscript was in preparation, Blanchard et al. (3) reported the IL-2 and macrophagedependent induction of IFN-y by LPS in "aged" splenocytes. They also demonstrated that the addition of LPS to freshly prepared splenocyte cultures which had been treated with IL-2 before exposure to LPS resulted in the induction of a large amount of IFN-,y. Our present results are similar to theirs in some respects, for example, the synergism of LPS and IL-2 (Table 2) , simultaneous induction of IFN-a/, and IFN--y, or macrophage dependency. Thus, their aged splenocytes may correspond to our bacteria-activated PEC, and it would be of interest to compare the detailed induction mechanisms of both systems. Cells from spleen, lymph node, or bone marrow of P. acnes-treated mice produced only trace amounts of IFN--y by stimulation with LPS or IL-2 (Table 2 ). However, this low level of induction may have been due to the low proportion of macrophages in these tissues or to endogenous inhibitors of IFN--y production such as arachidonic acid metabolites, since the induction by LPS in these cells in the presence of plastic-adherent cells of P. acnes-induced PEC (data not shown) and the induction by IL-2 in spleen cells in the presence of indomethacin (Table 3) were considerably augmented.
There have been several papers on the factors influencing IFN--y production (12, 35) . Of these factors, prostaglandin, which is known to be intimately involved in regulating the responses of macrophages to LPS, was examined in the present study (Table 4 ). In our experiments with P. acnesinduced PEC, indomethacin enhanced IFN-y production by LPS or by IL-2, and the addition of PGE2 reversed its effect. Because PGE2 is known to be released from macrophages (7), it is likely that macrophages are concerned with the regulation of IFN--y production in inflammatory reactions through PGE2 secretion. On the other hand, the induction of IFN--y by ConA was little influenced by indomethacin or PGE2. No explanation for this result is given in the present study, but there is a possibility that ConA is able to stimulate the producer cells directly, whereas the induction by LPS or IL-2 requires other functional cells which are sensitive to PGE2. Since leukotriene, another type of arachidonic acid metabolite, has been shown to upregulate IL-2-induced IFN--y production (12) , it would be interesting to elucidate the opposing roles of both types of arachidonic acid metabolite in IFN--y induction.
Many pieces of evidence have confirmed that IL-2 can induce IFN--y in human peripheral blood lymphocytes (13, 18, 24, 32) or murine spleen cells (6, 15, 36) . In our present experiments, IL-2 stimulated IFN-y production in P. acnesinduced PEC but not in resident peritoneal cells ( Table 2) . The induction by IL-2 together with LPS exhibited a synergistic effect, and the deprivation of plastic-adherent cells abrogated the induction by IL-2 despite enrichment of the possible producer cells (Table 5) (20, 31) . Accordingly, in the present study, we examined the relationship between the P. acnes-induced NK-like cells and IFN--y production ( Fig. 2 ; Table 7 ). Both the capacity to produce IFN--y and the NK-like activity against YAC-1 cells increased correspondingly after P. acnes injection (Fig. 2) .
The results of our experiments on cell elimination with specific antibodies ( 
